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Abstract
Most of the cryogenic hydrogen apparatuses in the CSNS hydrogen system are non-standard equipment, and will be developed 
independently. This paper introduces the latest research progress. Manufacturing of the accumulator has been completed in 
February 2014. A prototype of the hydrogen-helium heat exchanger has been manufactured and tested for sealing. The 
manufacture of the cryogenic hydrogen heater and the ortho-para hydrogen convertor will be finished soon. These cryogenic 
devices will be integrated into the hydrogen cold box and the accumulator cold box. The engineering design of the cold boxes 
was completed, and the vessel of the hydrogen cold box has been manufactured.
© 2014 The Authors. Published by Elsevier B.V.
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1. Overall progress of cryogenic system
Neutron scattering technique is one of the ideal methods to study material structure and dynamics, and now is 
widely used in scientific research and industry (Wang and Yan et al. (2005)). The spallation neutron source is 
designed to accelerate proton beam pulses, and striking a solid metal target to produce fast neutrons, and then, these 
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fast neutrons become slow neutrons with lower energy by colliding with moderators. ISIS (Taylor and Williams. 
(1998)), SNS (Appleton. (1998)) and J-PARC (Aso and Tatsumoto et al. (2006)) are the main pulsed neutron sources 
that are running at present. The construction of the China spallation neutron source started in October 2011, and this
project will last for 6.5 year.
The CSNS cryogenic system is supposed to provide supercritical hydrogen for the CSNS target moderators, to 
ensure the normal operation of cryogenic hydrogen moderators in 100 kW proton beam power, and ensures the safe 
use and discharge of hydrogen. The CSNS cryogenic system is mainly composed of three parts, including a helium 
refrigeration system, hydrogen circulation system, and hydrogen safety system. Fig. 1 shows the updated flow chart 
of the CSNS cryogenic system. Highlights are the special design for the accumulator. The accumulator was 
positioned in a separate cold box, in order to make it more accessible and to facilitate rapid replacement. In one case, 
the accumulator breaks out, and it will be much more convenient to remove and replace, by simply opening the 
accumulator cold box.
Fig. 1. Schematic of CSNS cryogenic system.
The helium refrigerator design, manufacturing and factory testing at Linde has been finished, and it will be 
shipped to the project site in July 2014. The cryogenic hydrogen circulators and cryogenic valves were purchased 
from Barber-Nichols and STÖHR separately, and have already arrived. Table 1 shows the operating conditions for 
the hydrogen circulator. 
Table 1. Operating conditions of the hydrogen circulator.
Fluid Supercritical hydrogen
Inlet pressure / MPa 1.45
Inlet temperature / K 18
Flow rate / L/s 1.1
Differential pressure / MPa 0.1
Nominal operating speed / rpm 14700
The emphasis is on the research and development of critical hydrogen equipment. The CSNS cryogenic hydrogen 
system is composed of several key equipment, including hydrogen-helium heat exchanger, moderators, heater, 
hydrogen circulators, ortho-para hydrogen convertor, cryogenic valves and pipelines. Most of these devices are 
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independently developed, and the latest development progress is shown in this paper. Development of the critical 
equipment will help to accumulate valuable engineering experience for the construction of CSNS cryogenic system.
2. Development progress of critical hydrogen equipment
2.1. Hydrogen-helium heat exchanger
Compared to a shell-tube heat exchanger, the plate-fin heat exchanger has many advantages such as a higher heat 
transfer efficiency, compact structure, and lightness weight, which promotes the widely use in the field of cryogenic 
engineering. Accordingly, the CSNS cryogenic hydrogen-helium heat exchanger adopts the aluminum plate-fin heat 
exchanger with counter flow. Serrated fins are used to enhance the heat transfer performance. Table 1 shows the 
design parameters for the CSNS hydrogen-helium heat exchanger.
A prototype of the hydrogen-helium heat exchanger was developed and its manufacturing finished in Sep. 2013. 
The size of the heat exchanger core is 900×175×160 mm3 (length×width×heigh), and the heat transfer area is 
4.66 m2 (hydrogen side) and 11.49 m2 (helium side). A sealing performance test showed that the leakage of this 
prototype can achieve the design requirement.
Based on the prototype, a more optimized design was proposed. This concerns shortening the length of the heat 
exchanger. The hydrogen-helium heat exchanger will be located in the hydrogen cold box. Therefore, the size of the 
heat exchanger should be minimized, in order to avoid affection with the layout of other devices and pipelines. The 
engineering sample of the heat exchanger has been designed and fabricated. Fig. 2 shows the photo of the heat 
exchanger. Later, performance test for this heat exchanger will be conducted in a cold box that imitates the real 
working conditions.
Table 2. Design parameters for CSNS cryogenic hydrogen-helium heat exchanger.
Type Aluminum plate-fin heat exchanger
Medium H2 He
Mass flow rate / g/s 73.15 110
Design pressure / bar 25 25
Working pressure / bar 15 1.4
Allow pressure drop / bar 0.2 0.2
Inlet temperature / K - 16.45
Outlet temperature / K 18 -
Heat exchanger power / W 2200
Fig. 2. Photo of the hydrogen-helium heat exchanger.
2.2. Cryogenic hydrogen heater
The hydrogen heater is mainly composed of two parts, the vessel and the sheathed heaters. Supercritical 
hydrogen flows into the vessel from the bottom of the vessel, and exchanges heat with the sheathed heaters by 
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convection, then discharges from the side of the vessel. Baffle plates are longitudinally arranged inside the vessel, in 
order to enhance the heat exchange efficiency between cryogenic hydrogen and sheathed heaters. Orifices in the 
baffle plates are set to arrange the sheathed heater. Design power of the hydrogen heater is 2.5 kW. A prototype of 
the cryogenic hydrogen heater has been design and manufactured, as shown in Fig. 3 and Fig. 4. The height of the 
heat core is 940 mm, and the diameter of the heat vessel is 114 mm.
Fig. 3. Design model of the cryogenic hydrogen heater.
Fig. 4. Photo of the cryogenic hydrogen heater core.
2.3. Ortho-para hydrogen convertor
In order to ensure the normal operation of the CSNS cryogenic hydrogen moderators, the para hydrogen 
concentration at the moderator entrance should be larger than 99%. Ferric hydroxide was adopted as the catalyst for 
the ortho to para hydrogen convection, in consideration of convection efficiency and safety. 50 kg Ferric hydroxide 
have been purchased from Molecular Products Limited.
The cylindrical vessel shape was adopted for the CSNS ortho-para hydrogen convertor. Hydrogen flows into the 
convertor from the top of the convertor, and flows out from the bottom. The catalyst feeding port was also set at the 
convertor top. Orifice baffle plates were adopted and arranged at both the top and bottom of the convertor, in order 
to avoid catalyst particles to flow out of the convertor. Total height of the convertor is 1.2 m, and its diameter is 159 
mm. The manufacturing of a prototype of the ortho-para hydrogen convertor has been finished, and the design 
model and photo are shown in Fig. 5 and Fig. 6. The sealing performance test was conducted at 2.5 MPa pressure,
and the helium leakage value was below 10-9 Pa·m3/s. Next, the catalyst will be feed into the convertor vessel, and 
pressure drop will be measured to estimate the qualification of this prototype.
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Fig. 5. Design model of the ortho-para hydrogen convertor.
Fig. 6. Photo of the ortho-para hydrogen convertor.
2.4. Cryogenic hydrogen flow meter
Three flow meters are needed in the hydrogen circulation of the CSNS cryogenic system, in order to measure the 
mass flow rate of supercritical hydrogen. One flow meter is installed in the main loop, and the other two are 
installed in the Coupled moderator branch and the Decoupled moderator branch separately. The Venturi flow meter 
was adopted and a prototype was developed. Structural design and manufacturing have been finished. Table 3 shows 
the main parameters for the Venturi flow meter. Fig. 7 shows a photo of the Venturi flow meter.
A sealing performance test and accuracy test have been conducted. The outer leakage is less than 1×10-12 Pa·m3/s, 
and the maximum deviation is less than 3.5%. Results show that the prototype of the Venturi flow meter can satisfy 
its requirement well.
Table 3. Parameters of the Venturi flow meter.
Parameters Values
Inner diameter of Venturi pipe / mm 27
Inner diameter of the throat / mm 7
Pressure difference of Venturi pipe / kPa 40
Venturi discharge coefficient 0.95
Fig. 7. Photo of the Venturi flow meter structure.
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2.5. Hydrogen cold box
All the hydrogen devices will be integrated in two cold boxes; one is the hydrogen cold box, and the other is the 
accumulator cold box. Fig. 8 shows the schematic of the hydrogen cold box. All devices will be installed on the top 
flange. The vessel of hydrogen cold box and its instrument bracket have been manufactured, as Fig. 9 shows. The 
accumulator cold box has been finished design recently.
Fig. 8. Schematic of the hydrogen cold box. Fig. 9. Photo of the hydrogen cold box vessel.
3. Conclusion
The CSNS cryogenic system is under construction now. The cryogenic hydrogen circulators and cryogenic valves 
purchased from Barber-Nichols and STÖHR have already arrived, and the helium refrigerator will arrive late July
2014. A prototype of the accumulator has been manufactured in 2013, and performance test shown a good function 
of pressure fluctuation regulation by the motion of accumulator bellows.
The hydrogen-helium heat exchanger prototype and cryogenic hydrogen flow meter prototype have been 
manufactured, and the development of the cryogenic hydrogen heater and the ortho-para hydrogen convertor will be 
completed in July 2014.
The engineering design of the hydrogen cold box has been finished, and the cold box vessel has been 
manufactured. Equipment in the hydrogen cold box will be installed and integrated later this year. According to the 
project schedule, the construction of the CSNS cryogenic system will be completed at the end of 2015, where after 
commissioning will start.
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